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DESCRIPTION 




SEPARATING AGENT 



Field of the Invention 



' The present invention relates to a separating 

agent useful for the optical resolution^ of racemic 
modifications . 

Description of the Related Art 
It has been known that a column packing 
comprising a polysaccharide derivative is useful as a 
separating agent for optical isomers [see Y. OKAMOTO , 
M. KAWASHIMA and K. HATADA , J. Am. Chem. Soc. , 1 Ofi - 53 
to 57 (1984) and Japanese Patent Publication-B No. 63- 
12850] . The polysaccharide derivative exhibits an 
extremely high power of optical resolution of a 
racemic modification, and is usually supported on a 
silica gel and widely used for the analysis or 
separation and collection of optical isomers. 
However, the polysaccharide derivatives in the prior 
art have problems that polysaccharide derivatives 
having a low molecular weight are eluted from the 
column, since the derivatives have a broad molecular 
weight distribution, -^fra-^ the steadiness of the base 
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line is poor during the operation of the column and 
•S-h-ask the range of the solvents usable as the eluent is 
narrow (namely, the types of the solvents are 
limited) . 

Therefore, an object of the present invention is 
to provide a separating agent comprising a poly- 
saccharide der ivative^ fch-artr the base line is very 
steady during the operation of the column, -^ha^t low- 
molecular weight polysaccharide derivatives do not 
elute therefrom and ; &h-a^ various solvents (eluents) 
can be used therefor, at the same time. 

Summary of the Invention 

The present inventor has made extensive . T 
investigations for developing a separating agent^-fctert 
advantageous properties polysaccharide derivatives 
have are maximally exhibited and <t th^t the 
above-described problems are solved. As a result, the 
present inventor has attained tor the present invention 
which will be described below. 

Thus, the present invention provides a separating 
agent which comprises a polysaccharide derivative 
having an Mw/Mn (wherein Mw and Mn represent the 
weight-average molecular weight calculated as 
polystyrene and the number-average molecular weight 
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calculated as polystyrene, respectively), which 
indicates the extent of molecular weight distribution, 
of 1 to 3. 

In other words, the present invention relates to 
a separating agent comprising a polysaccharide 
derivative having an Mw/Mn (Mw: the weight-average 
molecular weight; Mn: the number-average molecular 
weight (calculated as polystyrene)), which indicates 
the extent of molecular weight distribution, of 1 to 
3. 

A detailed description will now be made on the 
present invention . 

Detailed Description of the Invention 

The polysaccharide, in the present invention may 

A 

be any of a synthetic polysaccharide, a natural 
polysaccharide and a modified natural polysaccharide 
so far as it is optically active. As the 
polysaccharide, those having a high regularity in the 
bonding manner thereof are preferably used. Examples 
of the polysaccharides include p-l,4-glucan 
(cellulose), a-l,4-glucan (amylose, amylopec t in ) , 
a-l,6-glucan (dextran), p-l,6-glucan (pustulan) , 
p-l,3-glucan (curdlan, shizophyllan ) , a-1 , 3-glucan , 
p-l,2-glucan (crown gall polysaccharide), . 
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p-1 , 4-galactan , p-1 , 4-mannan , a-1 , 6-mannan , 

p-1 , 2-f ructan (inulin), p-2 , 6-f ructan (levari) , 

p-1 , 4-xylan , p-1 , 3-xylan , p-1 , 4-chi tosan , 

p-1 , 4-N-acetylchitosan (chitin) , pullulan, agarose, 

alginic acid, a-cyclodextr in , p-cyclodextr in and 

Y -cyclodextr in . In addition, examples of the poly- 

qko include 

saccharides >m rl uJe -a^&e amylose-containing starches. 
Among them, preferred are cellulose, amylose, p-1,4- 
chitosan, chitin, p-1 , 4-mannan , p-1, 4-xylan, inulin 
and curdlan since highly pure products can be easily 
obtained, and still more preferred are cellulose and 
amylose . 

The average degree of polymerization (average 
number of pyranose ring or furanose ring contained in 
one molecule) of the polysaccharide in the present 
invention is preferably 5 or more, and still more 
preferably 10 or more. Although the upper limit of 
the average degree of polymerization of the 
polysaccharide is not particularly provided, it is 



of handling. 

The polysaccharide to be used as the starting 
material for the production of the polysaccharide 
derivative of the present invention is preferably 
monodisperse . Such a monodisperse polysaccharide can 



preferably 500 or less, from the viewpoint of A e-arSTrrre-s-s- 
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be obtained by synthesizing it by an enzymatic method. 
To use a natural polysaccharide as the starting 
material for the polysaccharide derivative of the 
present invention, it must be highly purified by 
fractionation, since it has a broad width of .-the 
molecular weight distribution. 

The polysaccharide derivative in the present 
invention is obtained by reacting a polysaccharide 
with a compound having a functional group reactive 
with the hydroxyl group of the polysaccharide by a 
well-known method. Namely, the polysaccharide 
derivative comprises a polysaccharide bonded to the 
above-described compound through an ester linkage, a 
urethane linkage or the like. 

Examples of the compounds having a functional 
group reactive with the hydroxyl group include 
aliphatic, alicyclic, aromatic and heteroaromat ic 
isocyanic acid derivatives, carboxylic acids, esters, 
acid halides, acid amides, halides, epoxides, 
aldehydes, alcohols, and other compounds each having a 
leaving group. 

As the polysaccharide derivative, particularly 
preferred are ester derivatives and carbamate 
derivatives of polysaccharides. 

A high-molecular substance is usually a mixture 
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of homologous polymers. Namely, a high-molecular 
substance comprises numerous molecules having degrees 
of polymerization or molecular weights different from 
each other. A— spread of the molecular weights of a 



high-molecular substance is called a^s molecular weight 

A 

distribution, and the extent of the spread is 
represented by a molecular weight distribution curve. 
The average molecular weight is classified into 
weight-average molecular weight (Mw) and number- 
average molecular weight (Mn) . When Ni molecules^ each 
having a molecular weight of Mi^ are present in a unit 
volume, Mw and Mn are defined by the following 
equations , respectively: 

Mw = S(Mi 2 - Ni)/S(Mi* Ni) , and 

Mn = E (Mi- Ni ) /E (Ni ) . 

The polysaccharide derivative^ in the present 
invention has a weight-average molecular weight 
(calculated as polystyrene) of preferably 1,000 to 
500,000, still more preferably 20,000 to 500,000. 

When the molecular weight distribution is broad, 
the ratio of the weight-average molecular weight to 
the number-average molecular weight, Mw/Mn , has a 
large value. Thus, this value indicates the extent or 
the molecular weight distribution. Additionally, as 
the molecular weight distribution of a high-molecular 
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substance becomes more monodisper se , the Mw/Mn becomes 

closer to 1. The polysaccharide derivative of the 

present invention is characterized in that the width 

of the molecular weight distribution thereof is 
SpcciV laxity 

narrow. m Sp o cial - fy > its Mw/Mn is 1 to 3. When the 
A 

polysaccharide derivative having an Mw/Mn in this 
range is used as the column packing for a liquid 
chromatographic column for the separation of optical 
isomers, no elution of low-molecular polysaccharide 
derivatives occurs and one of the objects of the 
present invention can be attained. 

In order to use the polysaccharide derivative of 

a 

the present invention as,^^ column packing for liquid 
chromatography, it is packed in a column either as it 
is or after being supported on a support. 

Since the column packing is preferably in the 
form of granules, the polysaccharide derivative is 
preferably crushed or shaped into beads, when it is 
used as the column packing as it is. The size of the 
particles, which varies depending on the size of the 
column to be used, i.e., into which the polysaccharide 
derivative is packed, is usually 1 pm to 10 mm, 
preferably 1 to 300 \im. In addition, the particles 
are preferably porous. 

For improving the pressure resistance and 
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preventing the shrinkage of the separating agent and 
for improving the number of theoretical plates, the 
polysaccharide derivative of the present invention is 
preferably supported on a support and used. The size 
(particle diameter) of a suitable support is usually 1 
\im to 10 mm, and preferably 1 \im to 300 \im. The 
support is preferably porous, and, in such a case, the 
average pore diameter thereof is preferably 10 A to 
100 [im, still more preferably 50 to 50,000 X. 
Examples of the materials for the support include 
inorganic substances such as silica gel and alumina 
and organic substances such as polystyrene and 
polyacrylaraide. Preferred is silica gel. 

During the use of a separating agent comprising 
the polysaccharide derivative of the present 
invention , low-molecular polysaccharide derivatives 
arc ocarccly clut - ^ d. Further, when the separating 
agent is packed in a column and used, the operation 
time in the optical resolution is remarkably reduced, 
since the base line is highly steady, in other words, 
since the stabilization time for the base line is 
short. Furthermore, although the types of the 
solvents usable as the eluent have been limited to 
hexane , ethanol , propanol, etc., in the conventional 
optical resolution, solvents other than those 
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mentioned above, in addition to those mentioned above, 
are also usable as the eluent when the polysaccharide 
derivative of the present invention is used. 

Examples 

The present invention will now be illustrated 
with reference to, Examples in detail. However, the 
present invention is not limited by these Examples. 
Example 1 

<Synthesis of polysaccharide derivative> 

2 g of a synthetic monodisperse amylose [Mw/Mn < 

1.1, Mw=24,848 (both Mw and Mn being calculated by the 

light scattering method/ultracentr if ugal sedimentation 

equilibrium method)] was reacted with 17 g of 3,5- 

dimethylphenyl isocyanate in pyridine under heating 

for 30 hours. The obtained reaction product was 

poured into methanol under stirring to,, precipitate . 

The precipitate was recovered by filtration with a G4 

glass filter. The obtained substance was washed with 

methanol twice, and then dried In vacuo at 80° C for 5 

hours. Chloroform and dimethylacetamide were added to 

the obtained product to completely dissolve the same. 

The obtained solution was poured again into methanol 

-G>rm (X- 

under stirring to, precipitate. The precipitate was 
recovered by filtration with a G4 glass filter. The 
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obtained substance was washed with methanol twice, and 
then dried in vacuo at 80° C for 5 hours. Thus, 
amylose tr is ( 3 , 5-dimethylphenyl carbamate) which was a 
purified product was obtained. The Mw/Mn of the 
product was 1.22, while^Tw thereof was 55,500 [both Mw 
and Mn being- determined by the differential refractive 
index determination method (calculated as 
polystyrene ) ] . 

<Support of polysaccharide derivative on silica gel> 

The above amylose tr is (3 , 5-dimethylphenyl 
carbamate) was dissolved in a mixture of chloroform 
and dimethylacetamide . The obtained solution was 
uniformly sprinkled on a carbamoylated silica gel 
(manufactured by Daiso Co., Ltd., particle diameter: 7 
[im 9 pore diameter: 1,000 X) and then the solvent was 
distilled off. Thus, the amylose tr is ( 3 , 5-dimethyl- 
phenylcarbamate ) was supported on the silica gel . 
<Preparation of optical resolution column> 

The separating agent comprising- the amylose 
tris ( 3 , 5-dimethylphenyl carbamate) supported on the 
silica gel described above was packed in a stainless 
steel column having a length of 25 cm and an inner 
diameter of 0.46 cm by the slurry packing procedure. 
An optical resolution column was thus prepared. 
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<Evaluation of performance of optical resolution 
column> 

An optical resolution experiment of trans- 



by using the above-described optical resolution 
column. In the evaluation of the performance, JASCO 
875-UV (manufactured by JASCO Corp.) was used, and the 
conditions wherein the eluent was a mixture of hexane 



ml/min and^tb-e temperature^ wa-s 25° C were employed. 
The results are given in Table 1. 

The definitions of the terms in the Table are as 
follows : 

separation factor (a): 

(volumetric proportion of more strongly adsorbed 
antipode )/( volumetric proportion of more weakly 
adsorbed antipode) , 

resolution (Rs): 

[2 x (distance between peak of more strongly 
adsorbed antipode and peak of more weakly 



adsorbed ant ipode ) ] / ( sum of band widths of both 
peaks ) , 

stabilization time for base line: 

the time taken for the stabilization of the base 
line from the beginning of the passage of the 



stilbene oxide as the reference compound was conducted 
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eluent under such conditions that the base line 
is judged to have been stabilized when the base 
line is kept horizontal for 30 minutes with the 
sensitivity of the UV detector being" 0.16 and the 
full scale of the recorder being 10 mV (for 
example, when the base line lies horizontal from 
30 minutes after the beginning of the passage of 
the eluent, the stabilization time is 1 hour), 
and 

amount of elution: 

the amount of the residue obtained by passing a 
mixture of hexane and ethanol [75/25 (v/v) ] as an 
eluent through the column for 10 hours under such 
conditions that the flow rate is 1.0 ml/min and 
the temperature is 40° C, combining the eluates, 
and concentrating , fohc -wkoj^e of them. 

Example 2 

<Synthesis of polysaccharide derivative> 

Amylose tr is ( 3 , 5-dime thylphenyl carbamate) was 
obtained in the same manner as that of Example 1, 
except that a synthetic monodisperse amylose [Mw/Mn <. 
1.1, Mw = 27,603 (both Mw and Mn being calculated by 
the light scattering method/ul tracent r if ugal 
sedimentation equilibrium method)] was used. The 
Mw/Mn of the product was 1.25, while. Mw thereof was 
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54,300 [both Mw and Mn being determined by the 
differential refractive index determination method 
(calculated as polystyrene)]. 

<Support of polysaccharide derivative on silica gel> 
The amylose tr is ( 3 , 5-dimethylphenyl carbamate) 
described above was supported on the same silica gel 
as that used in Example 1 in the same manner as that 
of Example 1. 

<Preparation of optical resolution column> 

An optical resolution column was prepared in the 
same manner as that of Example 1, except that the 
separating agent comprising the amylose tris(3,5- 
dimethylphenyl carbamate) supported on the silica gel 
described above was used. 

<Evaluation of performance of optical resolution 
column> 

An optical resolution experiment of trans- 
stilbene oxide as the reference compound was conducted 
with the use of the above-described optical resolution 
column in the same manner as that of Example 1. The 
results are given in Table 1. 
Example 3 

<Synthesis of polysaccharide derivative> 

Amylose tr is ( 3 , 5-dimethylphenyl carbamate) was 
obtained in the same manner as that of Example 1 , 
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except that a synthetic monodisper se amylose [Mw/Mn < 
1-1, Mw =. 52,268 (both Mw and Mn being calculated by 
the light scattering method/ultracentr if ugal 
sedimentation equilibrium method)] was used. The 

-Ac 

Mw/Mn of the product was 1.47, while^ Mw thereof was 
159,300 [both Mw and Mn being determined by the 
differential refractive index determination method 
(calculated as polystyrene)]. 

<Support of polysaccharide derivative on silica gel> 

The amylose tr is ( 3 , 5-dimethylphenyl carbamate) 
described above was supported on the same silica gel 
as that used in Example 1 in the same manner as that 
of Example 1. 

<Preparation of optical resolution column> 

An optical resolution column was prepared in the 
same manner as that of Example 1 , except that the 
separating agent comprising the amylose tris(3,5- 
dimethylphenyl carbamate) supported on the silica gel 
descrived above was used. 

<Evaluation of performance of optical resolution 
column> 

An optical resolution experiment of trans- 
stilbene oxide as the reference compound was conducted 
with the use of the above-described optical resolution 
column in the same manner as that of Example 1. The 
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results are given in Table 1. 

determination of amount of elution of low-molecular 
polysaccharide der i vat ive> 

The separating agent comprising the amylose 
tr i s ( 3 , 5-dimethylphenyl carbamate) supported on the 
silica gel described above was packed in a stainless 
steel column having a length of 25 cm and an inner 
diameter of 1.0 cm by the slurry packing procedure. 
An optical resolution column for elution experiment 
was thus prepared. 

By using the optical resolution column for 

elution experiment thus prepared, the amount of 

elution of low-molecular polysaccharide derivatives 

manner a $ 

was determined in ^uch a manner ao — t h a-& described in 
the paragraph of the amount of elution in the column 
of the definition of the terms described above. The 
results are given in Table 1. 
Example 4 

<Synthesis of polysaccharide derivative> 

Amylose tr is ( 3 , 5-dimethylphenyl carbamate) was 
obtained in the same manner as that of Example 1 , 

Mr) 

except that a synthetic monodisperse amylose [Mw^N-r < 
1.1, Mw = 74,510 (both Mw and Mn being calculated by 
the light scattering me thod/ul tracent r if ugal 
sedimentation equilibrium method)] was used. The 
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Mw/Mn of the product was 2.21, while Mw thereof was 
367,600 [both Mw and Mn being determined by the 
differential refractive index determination method 
(calculated as polystyrene)]. 

<Support of polysaccharide derivative on silica gel> 

The amylose tr is ( 3 , 5-dimethylphenyl carbamate) 
described above was supported on the same silica gel 
as that used in Example 1 in the same manner as that 
of Example 1 . 

<Preparation of optical resolution column> 

An optical resolution column was prepared in the 
same manner as that of Example 1, except that the 
separating agent comprising the amylose tris(3,5- 
dimethylphenyl carbamate) supported on the silica gel 
described above was used. 

<Evaluation of performance of optical resolution 
column> 

An optical resolution experiment of trans- 
stilbene oxide as the reference compound was conducted 
with the use of the above-described optical resolution 
column in the same manner as that of Example 1 . The 
results are given in Table 1. 
Comparative Example 1 

<Synthesis of polysaccharide derivative> 

Amylose tr is ( 3 , 5-dimethylphenyl carbamate) was 
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obtained in the same manner as that of Example 1 , 

except that a natural amylose having a broad molecular 

weight distribution was used. The Mw/Mn of the 

product was 5.29, while. Mw thereof was 272,700 [both 

A 

Mw and Mn being determined by the differential 
refractive index determination method (calculated as 
polystyrene ) ] . 

<Support of polysaccharide derivative on silica gel> 

The amylose tris ( 3 , 5-dmethylphenyl carbamate) 
described above was supported on the same silica gel 
as that used in Example 1 in the same manner as that 
of Example 1. 

<Preparation of optical resolution column> 

An optical resolution column was prepared in the 
same manner as that of Example 1, except that the 
separating agent comprising the amylose tris(3,5- 
dimethylphenyl carbamate) supported on the silica gel 
described above was used. 

<Evaluation of performance of optical resolution 
column> 

An optical resolution experiment of trans- 
stilbene oxide as the reference compound was conducted 
with the use of the above-described optical resolution 
column in the same manner as that of Example 1. The 
results are given in Table 1. 
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<Determinat ion of amount of elution of low-molecular 
polysaccharide derivati ve> 

The separating agent comprising the amylose 
tris ( 3 , 5-dimethylphenyl carbamate) supported on the 
silica gel described above was packed in a stainless 
steel column having a length of 25 cm and an inner 
diameter of 1 . 0 cm by the slurry packing procedure. 
An optical resolution column for elution experiment 
was thus prepared. 

By using the optical resolution column for 
elution experiment thus prepared, the amount of 
elution of low-molecular polysaccharide derivatives 
was determined in such a manner as that described in 
the paragraph of the amount of elution in the column 
of the definition of the terms described above. The 
results are given in Table 1. 



Table 1 





Separation 
factor (a) 


Resolution 
(Rs) 


Base line 
stabili- 
zation 
time (hr) 


Amount of 

elution 

(mg-) 


Ex . 1 


2 . 93 


11 . 2 


3.5 




Ex . 2 


2 . 79 


10 . 8 


3 . 5 




Ex. 3 


2 . 98 


10 . 9 


2 . 5 


7.8 


Ex . 4 


2 . 80 


9 . 6 


2 . 0 




Comp . 
Ex. 1 


3. 05 


11 . 6 


26 . 0 


76 . 6 
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